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ABSTRACT
We have performed an experiment to study the 1nciusive processes a’ +
A+ ct + X, where a and ¢ are either m, K, or p. The nuclear targets used
were C, Al, Cu, Ag, and Pb. We have studied the Feynman x and py depen-
dence of particle c using the Fermilab Single Arm Spectrometer.’ In this paper
we present cross sections as a function of x at transverse momenta of 0.3 and

0.5 GeV/c for each target nucleus. The A-dependence is parameterized as T, =

UOAQ, and the x-dependence of & is studied.

Subnitted to the XX International Conference on High Energy Physics, Madison,
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Pre ilous hadron-nucleus (hA} experimentsl have shown that at high
epergles the multiplication of hadrons within a nucleus 1s relatively veak.
This 1s reflected in the cbservarions that wicth increasing nuclear thickness,
there s at amost a llnear increase in the mulriplicity of the produced
hadrons? and, In comparison with hadron-nucleon (hN) interactions, only a
slight depletion in the production of the most energetic secondaries.” The
pechaniss by which newly formed hadrons (or their constituents) lose energy
in, or interact with, nuclear macter is of fundamental interest., For this
reason, we have performed an experiment to study the inclusive process h + A
h' + x where h was elther ﬂ+, K+, or p; h' was either Wx, Kz, or p; and A,
the nuclear target, was eifther C, Al, Cu, Ag or Pb. Previous measurements of

the A-dependence of inclusive processes in the beam fragmentation region
fnclude proton interactions at 24 Gev.‘ r? production by protons at 300
-GQV,S neutron production by protons ai 400 Gev,6 and of charged particles
by peutrons above 100 Gev.3

This experiment was a continuation of an extensive study of the
production of particles im hN interactions.’ since essentfally the sane
eguipment was used 1a the two experimests, an accurate comparison between hi
and hA interactions, free of wmany systematic errors, 1s possible.

The experimental apparatus consisted of the Fermilab MEE beam line and
the Single Arm Spectrometer Facility. An incident beam of 100 CeV/c was used.
The production of the fast secondary, h', was measutred over the Feynman x
range 0.3 ¢ x { 0.88 and the transverse momentun range 0.18 ¢ py < 0.5 GeV/e.
Dats were taken simultaneously for the nine reactioan types (wn, 7K, np, etc).

The detafils of the Instrumentation of the beam line and spectzrometer have been

sumsarized in Ref., 7. Good T-K-p separation was achieved over the entire



kinematic range using the eight Cerenkov counters of the facllity. A list of
the targets used in the experiment is given {n Table l. In a manner simllar
to that described in Ref. 7, the interaction rates were corrected for parcicle
absorption and decay In the spectrometer, finite target thickness, multiple
scattering losses in the spectrometer, particle misidentificatioa and track
reconstruction inefficiencies. The corrected rates were then used to obtain,
for every channel, the invariant differeatial cross segtlon E is% (mbIGeV2
per nucleus).

The most significant features of the Ilnclusive cross—-sections are
described in this paper. Complete numerical results and comparison with
acdels as well as some lnformaticn on the associated particle production will

-

be publisghed elsewhere.
£ d

In Figs. 1 and 2 we 1llustrate how ry :;3, i.e., the differential cross
sections per nucleon, depend on x, pp and A. The errors Indicated are
statistical. The overall normalization uncertainty is estimated to be 10X,
The systemaric uncertainty due to particle misidentification in the reactions
with an ocutgoing kaon is less than 5I. The resulits shown are for channels
where we have the highest statistics. The other channels exhibit similar
trends.

To facilitate the presentation of all these dara, we fitted the A~depen-

dence of the cross sections to the ewmpirical form

430

E "—'—3' (xu P-ru A) - Gc(xi PT)
dp

A% (xpp)

Hydrogen data were not included in the fits. The results are given in Table 2
and Flg. 3. For comrparison our previous hydrogen differential cross sections

are glven both In Table 2 and Figs. 1 and 2.



The .ollowing general trends in the data should be noted.

1. Over the entire range of x covered in this experiment, the effective-
ness of nucleons in the nucleus In producing particles decreases with A. This
is true not only for channels where the outgoling particle is identical with
the incoming one (ﬂ+*w+, K+;K+, p*p)}, but also for channelsr where the outgoling
particle {s different (e.g., ﬂ+*ﬂ-). If one interprets this decrease of the
effectiveness of nucleons in producing particles as an attenuation of the
incident or outgoling state, a comparison of p and ™ -induced reactions shows
that, independent of the produced particle, the attenuation {s greater for
incident protons.

2. In the range of pp covered (180-500 MeV/c), no significant differ-
ences are seen in the A-dependence of particles produced with different pps

3. Comparison of our results for 100 GeV proton-induced réactions with
the 24 GeV dats of Eichten et al.? {see Fig. 3}, suggest that there are no
differences In the observed A-dependences over this energy range.

4, At the highest values of x the differential croas sections tend
towards values which one would expect from the contribution of single colli-
sions In the nucleus (i.e., primarily peripheral).8 There is no evidence of
high x cross sections per nucleon approaching hydrogen values as suggested by
some parton-oulti-peripheral models.?

5. The w-n data at high x i{s rather poorly represented by the A param-—
eterizatfon. There is a tendency for the cross section per nucleon to de-
crease with A faster than a simple power law.

6. In the 7-1 channel, in particular ﬂ+*w_, there is an enhancement at
high x which has only a weak A-dependence. A possible interpretation is that

many of the high x plons are from the decay of resocnances coherently produced

on the nucleus.
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TABLE 1

Targets used in this experiment. Most data was taken with
thick targers; others were used for finite thickness correcticn.

2

Tacget A Thickness (g-cm )
c 12.0 1.37
.9
5.79
AL 27.0 5.9
Cu 63.5 2.89
5.94
9.94
Ag 107.9 6.71
Pb 207.2 2.06
4.00

7.38



Results of ficrs: E

section, UH

Reacticn =
wtont .30
P -3 .40

.30
.60
.30
.80
.88
Py - 5 .30
.50
.80
ate” .30
Py -3 40
.50
.60
.70
.80
.88
| .5 + 30
30
.80
I+*‘+ .30
P -3 .40
.50
.60

TABLE 2

a
- 00 A" and measured hydrogen cross |

B
-E-— . {from reference 7, previously

3
d's,
3
dp
d%u
dp
a
.65 ¢ .03
.66 £ .01
.58 t .03
.60 ¢ .03
.63t ,02
.59 ¢ .02
.50 £ .03
.66 £ .04
,62 £ .03
.51 & .02
70t .02
.64 t .02
.59 = .04
.67 & .04
.66 + .04
.65 ¢ .03
.56 ¢ .05
.63 2 .03
64 ¢ 04
.57 + .07
.58 ¢ .08
.69 = .06
.65 ¢ .05
.66 = .07
.58 + .07

.
[mb/ (Cev/c) )
11.5 ¢ 1.2 6.36 ¢
B.02 ¢ .41 5.15 t
8.95 ¢ 1,04 4.50 t
7.61 t .85 4.34 2
6.39 + .38 4.29 ¢
6.47 t .51 4.35 ¢
8.80 ¢ .91 4,94 &
6.1 t 1.1 3.58 ¢
3.36 ¢ .39 1.91 ¢
3.4 2 .27 1.60 ¢
5.11 ¢ .47 3.52 &
3.67 ¢ .34 2.02 ¢
1.83 ¢ .25 1.11 ¢
1.40 £ .20 0.97 ¢
1.30 ¢ .18 0.83 :
1.07 £ .13 0.65 *
1.07 ¢ .20 D.46
3.44 ¢ .38 1.76 ¢
0.99 t .16 0.67 ¢
0.27 t .07 0.14 ¢
1.49 ¢ .48 0.66 *
0.72 t .18 0.49 t
0.61 = .14 0.38 =
0.40 ¢ .11 0.23 +
0.45 ¢ .12 0.22 ¢

unpublished)

.07
1

.13
.03

.14
.07
.04
.04
.03
.03
.02

.11
.04
.02



PP
Py

g
Py .3

.30
.40
.50
.60
.70

.30
.40
.50

.70

.30
-30

.30
.40
.50

.60

.80

.30
.30

a
.70+ .09
.64 & 09
.63 % .12
.76 £ 0B
.69 * |10
69 & 06
.64 & 04
.59 & .05
61 & .09
.39 ¢ .09
.75 £ .07
.66 £+ .08
.61 ¢+ .02
59 ¢ 02
.55 ¢+ 02
.51 ¢ .02
49 02
.51 2 .01
L6 2 01
.60 ¢ .03
.50 £ .08
.46 + .02
.58 + .05
.56 *+ 02
54 ¢ .03
.59 + .05
.56 & .07
.60 + .11
.62 & 04
51+ 11

-]

0.64
0.49
0.24
0.11
0.12

1.27
0.93
0.63
.32

0.20

0.58
0.40

10.1
11.4
13.3
15.5
18.2
16.4
20.0

6.0
8.8
7.7

9.6
5.81
3.2¢4
1.25
0.54
0.15

3.94
1.62

.16
.11
.03
.05

.32
.15

.12
.06

.16
.12

1.0
0.8
1.2
1.2
1.5
0.8
1.0

0.8
2.7
0.7

2.0
.51
.38
.26
.14

.64
.67

fe

0.40
0.33
0.16
.103
.068

0.65
0.45
0.33
0.17
0.11

0.43
0.19

5.62
6.41
B.51
10.00
10.72
11.75
13.60

2.90
.79
4.14

5.50
2.34
1.78
0.81
0.37
.062

2,44
0.65

S L L

I+

1L N L L

I+

1+

i+ i+ I+

+

.07

.02
014
.010

.27

.18
.12
.10



22T
Py

.30
.50

.36

|

i+ »

1+

I+

1+

.13

4,28
2.60
0.72
0,41
0.09

3.00
0.85

1+ 1+ 1+ 1+

1+

.60
32
.12
.05

.25

e

2,71
1.3
0.48
0.25
077

1.33
0.23

I+ 1+ I+ i+

i

I*

013

.12
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¥igure Caprions

Fig. 1 (a)-(1): Invariant cross section per nucleon vs Feyoman x

sessured at | 0.3 GaV/e.

Fig. 2 (a)-(f): Iovariant cross s&ction per nucleon vs Feynman x

msagured at Pp " 0.5 GeV/c.

Fig. 3 Power a(x) from fits to invariant cross section (per aucleus),
3
1’—‘; - ooh'; from Table 2. The curve representa the data

dp
of Reference 4 fitted at Pp = 0.3 GeV/c.
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